BACKGROUND: Esophagectomy is a very important method for the treatment of resectable esophageal cancer, which carries a high rate of morbidity and mortality. This study was undertaken to assess the predictive score proposed by Ferguson et al for pulmonary complications after esophagectomy for patients with cancer.
INTRODUCTION
Esophagectomy is a very important method for the treatment of resectable esophageal cancer, which carries a high rate of morbidity and mortality. [1] [2] Postoperative pulmonary complications (PCs) are reported to occur in 15.9% to almost 40% of patients who have undergone esophagectomy, [3] [4] [5] [6] [7] [8] and are associated with increased inhospital death rate and decreased 3-and 5-year survival rates. [7] Several risk factors are reported to be associated with increased postoperative PCs, such as increased age, operation duration, decreased forced expiratory volume in 1 second (FEV 1 %), decreased diffusion capacity of the lung for carbon monoxide (D LCO %), poor performance status (PS), salvage esophagectomy after definitive chemoradiotherapy, and the amount of blood loss. [3, 5, 8] In 2011, Ferguson et al [3] developed a predictive pulmonary risk score using the data of 516 patients after esophagectomy. The scoring system including four preoperative variables as age, performance status, FEV 1 % and D LCO % predicted the occurrence of postoperative major PCs with an area under the curve of 70.8%. In a subsequent external validation study with 136 patients, Reinersman et al [9] found good accuracy of the risk score system for predicting major pulmonary complications with a sensitivity of 76%. However, the scoring system was developed and validated from the patients of similar characteristics, and it has not been validated outside the United States of America. Therefore, the aim of this study was to assess the pulmonary risk score in a high volume hospital in China.
METHODS

Patients
Patients who admitted to the intensive care unit (ICU) after esophagectomy at Cancer Hospital of Chinese Academy of Medical Sciences (CAMS) and Peking Union Medical College (PUMC) between September 2008 and October 2010 were enrolled in the study. Exclusion criteria included patients who underwent exploratory thoracotomy and induction therapy, and those who had incomplete data. This study was approved by the Institutional Review Board of Cancer Hospital of CAMS and PUMC and performed in accordance with the ethical standards of the 1964 Declaration of Helsinki and its later amendments. And patients' consents were waived because of the observational nature of this study.
To determine the sample size of the study, we defi ned the confi dence level as 95%, and the confi dence interval as 34% to 42% (major PCs rate was 38% in Ferguson et al study). Therefore, the sample size was 150, which was needed to validate the predictive score.
Preoperative staging and physiologic assessments
Preoperative staging was carried out according to the guidelines of the Department of Thoracic Surgery of Cancer Hospital of CAMS and PUMC, which included whole blood test, biochemical test, chest CT, abdomen ultrasound, barium contrast study, endoscopy, pulmonary function test, and electrocardiograpy. [10] Preoperative physiologic assessments were based on age older than 70 or less, results of pulmonary function tests including forced expiratory volume at 1 second (FEV 1 ) ≥1.20 L, FEV 1 % ≥40.0%, and D LCO % ≥40.0%. Patients were advised to stop smoking one week before surgery. And they received antibiotic therapy for at least 3-5 days if pulmonary infection existed, and the therapy continued until disappearance of symptoms of infl ammation shown by chest imaging.
Surgical approaches
Surgical approaches included transthoracic approach, either one incision (left transthoracic) or two incisions (Ivor-Lewis approach), or Mckeown approach (three stage esophagectomy and cervival anastomosis). The selection of which approach was based on the location of the lesions, the results of pulmonary function test, and the general status of the patients. None of patients with minimally invasive esophagectomy (MIE) was admitted to the ICU in the study period although MIE was introduced to our hospital in 2009. [11] Postoperative respiratory tract management Postoperative management of the respiratory tract included chest physiotherapy and early ambulation. And patient-controlled analgesia was given to every patient to control postoperative pain. Simple goal directed fluid therapy was used for postoperative fluid management, and the following four goals were considered: level of blood pressure, central venous pressure, urine output, and circulation of skin. [12] First, blood pressure (BP) was kept at normal level individually, i.e. at 100-110/60-70 mmHg for patients without a history of hypertension and at preoperative level for patients with a history of hypertension. Second, CVP level was kept at 8-12 cmH 2 O in our practice, which resembles conservative therapy in acute respiratory distress syndrome (ARDS). [13] Third, fluid volume was adjusted according to whether there is edema of skin. Finally, urine output was kept at more than 0.5 mL/(kg•hour). To achieve these goals, diuretic agents, fluid supplements or vasopressors were used to keep these four variables in the ranges mentioned above.
Groups
The patients were divided into two groups: postoperative major PCs group and no major PCs group. Postoperative major PCs were defined as respiratory insufficiency in need of ventilation, and pneumonia requiring antibiotic therapy. Pneumonia was defined according to the definition of Centers for Disease Control and Prevention (CDC) and National Healthcare Safety Network (NHSN) surveillance definition. [14] Pathological staging was performed using the American Joint Committee on Cancer (AJCC) Cancer Staging Handbook (7 th edition). [15] The operative mortality of the patients was defined as death within 30 days of esophagectomy.
Statistical analyses
Statistical analyses were carried out using SPSS software for Windows, version 16 
RESULTS
A total of 245 patients were admitted to the ICU during the study period. Twenty-eight patients were excluded including 4 patients who underwent exploratory thoracotomy, 9 patients who received induction therapy, and 15 patients with incomplete data. Thus, 217 patients were enrolled for the final analysis (Figure 1 ). Demographic and clinical characteristics of the patients are listed in Tables 1 and 2 . No significant differences were seen in co-morbidities including hypertension, coronary heart diseases, diabetic mellitus, and chronic obstructive pulmonary diseases in patients with or without major PCs. Other preoperative variables including age, performance status, FEV 1 % and D LCO % were also not significantly different between the two groups. Overall, 129 (59.4%) patients had postoperative major PCs and 13 (6.0%) patients died during the operation. Of the 129 patients, 106 were subjected to mechanical ventilation for more than 24 hours because of respiratory insufficiency, and 23 were given antibiotics because of pulmonary infection. Of the 13 patients, 7 died of septic shock caused by gastrointestinal fistula, 1 died of myocardial infarction, 1 died of cardiac arrest during intubation due to respiratory insuffi ciency, and 4 died of respiratory insufficiency induced by pulmonary infection.
The risk score of patients with major PCs was 7.27±2.50, which was higher than 6.82±2.67 of patients without postoperative PCs. However, there was no signifi cant difference between the two groups (P=0.203). Patients with postoperative intrathoracic anastomotic leak had more major PCs than did those without anastomotic leak (18.6% vs. 3.4%; P=0.001).
Risk scores varied from 0 to 12 in all patients ( Figure  2 ). There was no significant difference in the incidence 
DISCUSSION
Our study demonstrated that the predictive risk score proposed by Ferguson et al [3] was poor in predicting the occurrence of postoperative PCs in patients after esophagectomy for cancer. The predictive score should be validated before clinical application. Ferguson et al [3] developed a predictive risk score in 2011 using the data of 516 patients who underwent esophagectomy. The scoring system based on four preoperative variables including age, FEV 1 %, D LCO % and PSscore predicted the occurrence of postoperative major PCs with an area under the curve of 70.8%. Postoperative major PCs in our study were defi ned as respiratory insuffi ciency in need of ventilation, pneumonia requiring antibiotic therapy, similar to the defi nition proposed by Ferguson et al, [3] which included respiratory insufficiency and pulmonary infiltrate requiring antibiotic therapy. Therefore, the method of our study was comparable to that of Ferguson et al's study. In the present study, however, the area under the curve of this predictive score was only 53.9%. We did not fi nd its sensitivity in predicting the risk of postoperative major PCs in our cohort.
In our study, age was not significantly different in univariate analysis of patients with or without postoperative PCs. Some tudies [3, 7, 8] found that age was an independent predictor for postoperative PC, but others found different results. [5, 16, 17] Zingg et al [16] reported that unlike age, preoperative co-morbidities were associated with increased pulmonary morbidity. Therefore, advanced age alone may not exclude esophagectomy for patients with esophageal cancer. [18] Impaired preoperative pulmonary function has long been considered as an important tool for the evaluation of the risk of PCs after esophagectomy. [3, 19, 20] Avendano et al [19] and Shiozaki et al [20] reported that preoperative FEV 1 % less than 65% and 60% were associated with increased PCs after esophagectomy. But Ferguson et al [3] found that FEV 1 % an D LCO % could be used as independent predictors for postoperative PCs. In our study, however, both FEV 1 % and D LCO % were not significantly different in patients with or without postoperative PCs. In a study from our center, [21] 69.3% of the patients with normal pulmonary function defined as FEV 1 % larger than that in 70% of the patients with postoperative respiratory insufficiency. Surgery-related complications such as anastomotic fistula played an important role in the development of postoperative respiratory insufficiency. Another study [22] revealed that postoperative anastomotic fistula was an independent risk factor for acute respiratory distress syndrome, a serious pulmonary complication after esophagectomy with a mortality rate of 50%. In our study, postoperative anastomotic intrathoracic leak was found to be associated with an increased rate of postoperative PCs, which was consistent with the result of previous studies.
[ [21] [22] Almost 1 500 esophagectomies were performed in our hospital annually and less than 50 patients who were admitted to the ICU directly from operation room were subjected to ventilation, other patients were transferred to wards after direct extubation. About 50 patients in the wards were admitted to the ICU mainly because of respiratory insuffi ciency after esophagectomy. Thus, the proportion of PCs was over 50% in the ICU, which was higher than 10%-20% reported in the literature. [2] [3] 5, 8] Currently, many studies have investigated the risk factors of esophagectomy. [2, 5, 8] But only Ferguson et al developed a scoring system for predicting the risk of complication after esophagectomy and validated it in patients. [3, 9] There are some limitations to this study. First, we excluded the patients who received induction therapy such as chemotherapy and/or radiotherapy. Induction therapy may decrease FEV 1 % and D LCO %, thereby increasing the risk of postoperative PCs. However, a recent study [23] did not find an increased rate of PCs in patients who received neoadjuvant chemoradiotherapy compared with those who did not receive neoadjuvant chemoradiotherapy. Therefore, exclusion of patients who received induction may not influence the result of this study. Second, only 217 patients were enrolled in the study, so it is difficult to draw a conclusion. However, the number of patients in our study was more than 150, which made the result of this study credible. Third, the retrospective nature of this study may be related to the completeness of data. However, we excluded the patients who had incomplete data making the results of this study believable.
In summary, in this cohort the predictive risk score for postoperative PCs was not accurate in discriminating patients with or without postoperative PCs after esophagectomy for cancer. Other factors such as anastomotic leak were associated with an increased rate of major PCs. 
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